HN, head and neck; HNSCC, head and neck squamous cell carcinoma; MAb, monoclonal antibody; NSCLC, non-small cell lung cancer; RA, retinoic acid; RAR, retinoic acid receptor; RXR, retinoid X receptor; 9cRA, 9-cis-retinoic acid; 1 3cRA, 1 3-cis-retinoic acid.
(approximately 45%) despite adjuvant chemotherapy (2) . The situation with lung cancer is more grim because of the severe morbidity and mortality and the discouraging 15% overall 5-year survival rate, which has not been improved despite advancements in treatment modalities (3, 4) . Smoking tobacco is a major risk factor for developing HN and lung cancer (2) (3) (4) and even ex-smokers continue to be at a higher risk for more than 10 years (5). The exposure to carcinogenic substances and promoters in tobacco smoke leads to genetic changes over large areas of the oral cavity and the airway epithelium, resulting in a "field cancerization" with potential multifocal unsynchronized premalignant and primary malignant lesions (6, 7) . This may explain the high recurrence rate and the development of second primary tumors following resection of early stage (I or II) HN and lung cancers (2, 8) . Thus novel approaches to control cancers of the aerodigestive tract should include treatment of surrounding "condemned" airway epithelium. Because these cancers develop over a prolonged period of exposure to carcinogens and promoters and because of the multistep nature of carcinogenesis, there is an opportunity to intervene in the process using chemical agents for prevention, termed chemoprevention (9) . Indeed, chemoprevention with retinoids (vitamin A analogs) is now being examined for its potential to reduce the incidence of and mortality from HN and lung cancers (8, (10) (11) (12) (13) . Retinoids in Head, Neck, and Lung Cancer Prevention Epidemiological studies have shown that vitamin A deficiency is associated with increased incidence of lung cancer (10) . Vitamin A deficiency also induces squamous metaplasia in the mucosa of the upper aerodigestive tract (14) that is similar to premalignant changes in the mucosa in heavy smokers (15) . Vitamin A supplementation reversed squamous metaplasia in the trachea from vitamin A-deficient animals in vivo (16) and various retinoids exhibited a similar activity in vitro (9) . Furthermore, retinoids inhibited carcinogenesis in experimental animal models (17) including a model for oral cancer (18) , suppressed premalignant oral lesions (e.g., leukoplakia) (8, 11, 13) , and also prevented the development of second primary tumors in HN cancer patients (8, 12) and in lung cancer patients (19 (20) (21) (22) (23) (24) (25) (26) (27) . In addition, retinoids suppress the expression of squamous differentiation markers (e.g., involucrin, type I transglutaminase, keratin KI, cholesterol sulfate, and others) and inhibit cornified envelope formation in HNSCCs (22, 24, 26, 28) .
It is thought that the anticarcinogenesis and antitumor effects of retinoids are the result of retinoid-induced changes in cell growth and differentiation resulting from changes in the expression of specific genes such as oncogenes, growth factors, and growth factor receptors (29) . Retinoids exert most of their effects on gene expression by activating a signal transduction pathway in which nuclear retinoid receptors play a pivotal role (30) (31) (32) (33) (34) . These receptors are members of the steroid hormone receptor superfamily. Two types of receptors have been identified: retinoic acid (RA) receptors (RARs) and retinoid X receptors (RXRs). Each type of receptor includes three subtypesa, 3 , and y-with distinct amino-and carboxy-terminal domains. The RARs bind all-trans-RA (ATRA) and 9-cis-RA (9cRA), a natural RA isomer, whereas the RXRs bind only 9cRA (30) (31) (32) (33) (34) . RARs form heterodimers with RXRs, bind to specific DNA sequence-RA response elements (RAREs)-characterized by direct repeats of (A/G)GGTCA separated by two or five nucleotides, and act as liganddependent transcriptional regulators for RA-responsive genes (30, 32) . Because each subtype exhibits distinct patterns of expression during embryonal development and different distributions in adult tissues, each is thought to regulate the expression of a distinct set of genes as well as a common set of genes (30) (31) (32) (33) (34) . We found that normal buccal mucosa specimens (35) and HNSCC cell lines express RARa, RARP, RARy, RXRa, and RXRP (26) and that the RARP levels were lower in more squamous differentiated cells (26) .
Several isoforms of RAR4 mRNA that are transcribed from two different promoters have been identified and RAR32 was found to be the major isoform in RAtreated cells (36) . This receptor is expressed constitutively in a limited variety of cells; however, its expression is increased in response to RA in many cell types (37 
